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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
manufacturing an optical fiber base material being capa-
ble of manufacturing an optical fiber base material of high
quality by so-called VAD.

BACKGROUND ART

[0002] VAD is well-known as a method of manufactur-
ing base materials for optical fibers. This method employs
the following apparatus, for example.

[0003] In this apparatus, glass particles produced with
a core deposition burner and a cladding deposition burn-
erdisposed in areaction chamber; and the glass particles
are deposited onto a tip of a starter mounted on a shaft
which rotatably lifts up, so that a porous glass base ma-
terial for optical fiber made of a core layer and a cladding
layer is manufactured. The core layer may be SiO, with
which GeO, is doped, and the cladding layer may be
substantially pure SiO,.

[0004] The porous glass base material 1 manufactured
as described above is dehydrated and sintered in a heat-
ing furnace. The heating furnace has a furnace tube 2
which can be sealed, an electric furnace 3 which heats
a part of or the whole of the furnace tube 2, a gas intro-
ducing port 4 which introduces any gas into the furnace
tube and a gas discharging port 5 which discharges the
exhaust gas as shown in Fig.1, for example. Fig.1A to
1C progressively show vitrifying the porous glass base
material. Here, reference numeral 6 indicates a shaft
which supports the porous glass base material 1.
[0005] Dehydrating is performed by heating the base
material at approximately 1,100 degrees Celsius in de-
hydrating gas composed of such as chlorine, oxygen and
helium. Meanwhile, vitrifying is performed by heating the
base material at approximately 1,500 degrees Celsius in
an atmosphere containing such as helium.

[0006] For the furnace tube forming a part of the heat-
ing furnace, conventionally a silica tube made of natural
quartz has been employed as described in Patent doc-
ument 1. For example, the silica tube may be a glass
tube such as HERALUX-E (trade name), available from
Shin-Etsu Quartz Products Co., Ltd., which is made by
pulverizing natural quartz and melting by an electric fur-
nace (herein after referred to as a natural quartz furnace
tube).

[0007] When a porous glass base material is dehydrat-
ed and sintered by using the natural quartz glass tube
as a furnace tube, a resultant optical fiber base material
has a problem that the transmission loss increases pos-
sibly caused by a little impurity contained in natural
quartz. Therefore, the natural quartz furnace tube con-
tains impurities and crystallites, and they nucleate for
crystallization. Then, crystallization (into cristobalite)
progresses at room temperature while the impurities dif-
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fuse along the crystal grain boundary and are easily dis-
charged into the furnace tube to contaminate the optical
fiber base material.

[0008] In order to address the above described prob-
lem, the inventor proposed that any of SiCl,, (CH53)SiClj,
(CH3),SiCl, or a mixed compound thereof as a raw ma-
terial is hydrolyzed with oxyhydrogen flame, and a result-
ant synthetic quartz is used as a furnace tube. Since syn-
thetic quartz contains little impurity and crystallite, crys-
tallization does not progress, so that an advantage of
synthetic quartz is that it is much less likely to contami-
nate the optical fiber base material with any impurity.
[0009] An optical fiber base material manufactured by
the above described method may be formed as a finished
optical fiber base material by adding a cladding to the
periphery thereof.

[0010] Patentdocument: Japanese Patent Application
Publication No. 2004-002109

[0011] US-A-5749 723 discloses a heat treatment ap-
paratus which includes a reaction vessel comprising a
two-layer structure. The first layer consists of synthetic
quartz glass. The second layer is of molten quartz glass
made from quartz as a raw material and is external to
the first layer.

[0012] JP-A-03 003 323 describes a heat-resistant
composite quartz glass tube wherein a cylindrical body
consisting of a natural quartz glass is used as an outer
layer and a cylindrical body consisting of a synthetic
quartz glass is used as an internal layer.

[0013] Finally, GB-A-1255 551 relates to a fused silica
tube capable of being subjected to temperatures in ex-
cess of 1,000°C, wherein at least that part of the tube
which is to be subjected to such temperatures has a coat-
ing consisting of a continuous fine layer of crystalline sil-
ica whose thickness is less than 5% of the wall thickness
of the fused silica tube.

DISCLOSURE OF THE INVENTION PROBLEMS TO
BE SOLVED BY THE INVENTION

[0014] The problem that the transmission loss of the
optical fiber base material increases when the natural
quartz glass tube is used as the furnace tube can be
solved by using the synthetic quartz glass tube in place
of the natural quartz glass tube. However, there is an-
other problem that the strength of the synthetic quartz
glass tube at a high temperature is less than that of the
natural quartz glass tube. For example, the synthetic
quartz furnace tube does not quickly crystallize even if it
used at a high temperature. Therefore, the synthetic
quartz furnace tube softens around 1,500 degrees Cel-
sius within processing temperatures, and the furnace
tube is deformed because the pressure in the furnace
tube is slightly fluctuated around *=3kPa. This deforma-
tion may cause the furnace tube to contact and damage
the porous glass base material. Meanwhile, the natural
quartz furnace tube easily crystallizes as described
above, and the crystallized furnace tube is not easily de-
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formed at a high temperature.

[0015] An object of the present invention is to provide
a method of manufacturing an optical fiber base material
that can dehydrate and sinter a porous glass base ma-
terial without contaminating and damaging the porous
glass base material. This object can be achieved by com-
binations of features recited in dependent claims. In ad-
dition, independent claims define further advantageous
specific examples.

MEANS FOR SOLVING THE PROBLEMS

[0016] The present invention is provided to solve the
above described problem. That is, the method of manu-
facturing an optical fiber base material includes: forming
a porous glass base material by depositing glass parti-
cles; preparing a vessel which employs a composite tube,
the composite tube including a synthetic quartz glass
tube that is formed by melting a soot deposit formed by
depositing glass particles which arc produced by hydro-
lyzing any of SiCly, (CH3)SiCls, (CH3),SiCl, or a mixed
compound thereof with oxyhydrogen flame, and a natural
quartz glass tube thatis formed by melting natural quartz
with an electric furnace, the natural quartz glass tube
jacketing the synthetic quartz glass tube; introducing de-
hydration reaction gas and inert gas into the vessel; heat-
ing the vessel which contains the dehydration reaction
gas and the inert gas; and inserting the porous glass
base material into the heated vessel to dehydrate and
sinter the porous glass base material wherein in the de-
hydrating and sintering, a total amount of time over which
the synthetic quartz glass tube of the vessel is subjected
to a temperature exceeding 1,400 degrees Celsius is set
within atime period over which a glass layer is crystallized
in the entire thickness in at least a part of synthetic quartz
glass tube of the vessel or within a time period obtained
by multiplying the thickness (mm) of the synthetic quartz
glass by 1,500 (hours/mm).

[0017] A part of the composite tube may be jacketed,
and the jacketed part may be larger than an area heated
by the heating. Here, after providing a new vessel, the
vessel may be preheated at a high temperature between
1,400 and 1,600 degrees Celsius while a part of the ves-
sel is exposed to the air.

EFFECT OF THE INVENTION

[0018] Accordingto the presentinvention,a composite
tube is used as a furnace tube, which includes a synthetic
quartz glass tube, and a natural quartz glass tube which
jackets the synthetic quartz glass tube. Therefore, impu-
rities derived from furnace tube materials are not dis-
charged in the furnace tube, and do not contaminate the
optical fiber base material. The composite furnace tube
does not soften within processing temperatures and not
fluctuate due to a little pressure fluctuation. Consequent-
ly, the composite furnace tube can dehydrate and sinter
the porous glass base material without contacting and
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damaging the porous glass base material. Thus, a high-
quality optical fiber base material can be constantly ob-
tained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig.1A-1C are schematic views progressively ex-
plaining a step of vitrifying a porous glass base ma-
terial.

Fig.2 is a schematic longitudinal sectional view
showing an example of composite furnace tube ac-
cording to the present invention.

Fig.3 is a schematic longitudinal sectional view
showing a synthetic quartz furnace tube.

Fig.4 is a schematic longitudinal sectional view
showing a deformed synthetic quartz furnace tube.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020] All of the features and the combinations thereof
described in the embodiment are not necessarily essen-
tial to the invention.

[0021] The manufacturing apparatus according to the
presentinvention employs a composite tube as a furnace
tube (hereinafter referred to as a composite furnace
tube), which includes a synthetic quartz glass tube, and
a natural quartz glass tube which jackets the synthetic
quartz glass tube. When the composite furnace tube is
subjected to a high temperature between 1,400 and
1,600 degrees Celsius, the natural quartz part thereof is
progressively crystallized (into cristobalite) within 100 to
300 hours, so that the composite furnace tube does not
soften in spite of being subjected to a high temperature.
[0022] Therefore, even if the synthetic quartz inside
the composite furnace tube softens at a high tempera-
ture, the composite furnace tube is supported by the crys-
tallized natural quartz outside thereof, so that the com-
posite tube is prevented from being deformed and does
not contact to damage the porous glass base material.
The synthetic quartz inside the furnace tube does not
crystallize and remains glass, so that diffusion of impu-
rities is significantly slow because there is no grain
boundary which causes impurities to move. Consequent-
ly, there is no problem that the impurities contained in
the natural quartz outside the composite furnace tube is
discharged into the furnace tube and contaminates the
glass base material.

[0023] Here, before the porous glass base material is
inserted into the vessel, a preheating step is provided for
heating the porous glass base material at a high temper-
ature between 1,400 and 1,600 degrees Celsius while a
part of the vessel is exposed to the air. Therefore, a part
of the natural quartz glass tube crystallizes to improve
an effect of preventing deformation. Moreover, it is pref-
erable that Al equal to or more than 0.1 wt % is contained
in a region of the natural quartz glass tube by 0.1mm
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from the outer surface of the outermost layer thereof to-
ward the inner part because crystallization of the natural
quartz tube by the preheating step is further promoted.
[0024] The present invention employs a composite
tube as a vessel in which a porous glass base material
is dehydrated and sintered. The composite tube includes:
a synthetic quartz glass tube formed by melting a soot
deposit; and a natural quartz glass tube formed by melt-
ing natural quartz with an electric furnace, the natural
quartz glass tube jacketing the synthetic quartz glass
tube. As for the synthetic quartz glass tube forming the
inner layer, since crystallization of the synthetic quartz
progresses by a thickness of 1 mm for 1,500 hours, the
glass layer remains even if the composite tube is used
at a high temperature equal to or more than 1,400 de-
grees Celsius within a time period obtained by multiplying
the thickness of the synthetic quartz tube by 1,500 hours.
Therefore, a risk of contaminating the optical fiber base
material with impurities can be significantly reduced.
[0025] Embodiment 1 A composite tube is manufac-
tured by: forming a soot deposit by hydrolyzing SiCly,
(CH3)SiClj3, or (CHs3),SiCl, with oxyhydrogen flame; and
jacketing, with a natural quartz tube having a thickness
of 4 mm, a synthetic quartz tube having a thickness of 4
mm which is vitrified by melting with a heating furnace.
For example, the synthetic quartz tube may be SH100
(trade name) and the natural quartz tube may be HER-
ALUX-E (trade name), both products are available from
Shin-Etsu Quartz Products Co., Ltd.

[0026] As schematically shown in Fig.2, a composite
furnace tube 8 which is formed by jacketing a synthetic
quartz glass tube 9 with the natural quartz glass tube 10
sufficiently covers a heating region of an electric furnace
3 as a heat source, and the composite furnace tube 8 is
mounted to the heating furnace. Here, the composite
tube may be configured as an entire furnace tube, how-
ever, when a region to be heated at a high temperature
is limited, the composite tube have to cover the heating
region but not to cove the other region. Therefore, there
is not much point in forming the composite tube as an
entire furnace tube but the cost increases.

[0027] The manufactured composite furnace tube is
preheated at 1,450 degrees Celsius for 7 days while the
top of the furnace tube is exposed to the air. By the pre-
heating, the natural quartz part of the composite tube
crystallizes to some degree and is strengthened. There-
fore, the furnace tube is not easily deformed due to the
difference between the inner pressure and the external
pressure. Since the crystallized natural quartz does not
return to glass, it is enough for a new furnace tube to be
preheated only one time, and the preheated furnace tube
does not require to be heated any more.

[0028] By using the heating furnace having the com-
posite furnace tube, a porous glass base material man-
ufactured by VAD is dehydrated in an atmosphere con-
taining helium, chlorine and oxygen at 1,100 degrees
Celsius, and then, is vitrified in a atmosphere containing
helium at 1,500 degrees Celsius. During dehydrating and
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vitrifying, the different between the inner pressure and
the external pressure of the heated region of the furnace
tube is fluctuated around =3kPa, however, deformation
of the heated region of the composite furnace tube is not
found even if dehydrating and vitrifying is repeated 200
times.

[0029] A claddingis added tothe periphery of the glass
base material obtained by dehydrating and sintering to
form an optical fiber base material. The optical fiber base
material is drawn to form an optical fiber. As for aresultant
opticalfiber, increase of the transmission loss is not found
differently from one which is manufactured by using the
natural quartz furnace tube as described above. Here,
the furnace tube is taken out upon exceeding 6,000 hours
over which the furnace tube is subjected to a high tem-
perature equal to or more than 1,400 degrees Celsius,
and the heated portion is examined. The resultis that the
glass layer is totally eliminated and entirely crystallized
in a large part.

[0030] Comparative example 1 By using the heating
furnace having the synthetic quartz glass tube 9 as shown
in Fig.3 as a furnace tube 2, the porous glass base ma-
terial is dehydrated and sintered. At the 20th time of de-
hydrating and sintering a porous glass base material un-
der a condition the same as Embodiment 1, deformation
ofthe heating region of the furnace tube as Fig.4. is found.
The deformed portion of the furnace tube contacts the
porous glass base material around the 30th time.
[0031] The manufacturing method and the manufac-
turing apparatus according to the present invention may
be provided in another embodiment as follows. That is,
in a method of manufacturing an optical fiber base ma-
terial and an apparatus of the same, the synthetic quartz
glass of the composite tube contains metal impurities less
than those in the natural quartz glass of the composite
tube. It is preferable that the content of the metal impu-
rities of the synthetic quartz glass is equal to or less than
one-tenth of those of the natural quartz glass. In addition,
the synthetic quartz glass of the composite tube remains
a glass state, but the natural quartz glass of the compos-
ite tube is crystallized in the method of manufacturing an
optical fiber base material and an apparatus of the same.
[0032] Whilethe embodiments of the presentinvention
have been described, the technical scope ofthe invention
is not limited to the above described embodiments. It is
apparent to persons skilled in the art that various alter-
nations and improvements can be added to the above-
described embodiments. It is also apparent from the
scope of the claims that the embodiments added with
such alternations or improvements can be included in
the technical scope of the invention.

INDUSTRIAL APPLICABILITY
[0033] According to the present invention, the cost of

manufacturing an optical fiber base material can be re-
duced.
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Claims

A method of manufacturing an optical fiber base ma-
terial, comprising:

forming a porous glass base material (1) by de-
positing glass particles;

preparing a vessel which employs a composite
tube (8), the composite tube (8) including a syn-
thetic quartz glass tube (9) that is formed by
melting a soot deposit formed by depositing
glass particles which are produced by hydrolyz-
ing any of SiCl,, (CH53)SiCl;, (CH53),SiCl, or a
mixed compound thereof with oxyhydrogen
flame, and a natural quartz glass tube (10) that
is formed by melting natural quartz with an elec-
tric furnace, the natural quartz glass tube (10)
jacketing the synthetic quartz glass tube (9);
introducing dehydration reaction gas and inert
gas into the vessel;

heating the vessel which contains the dehydra-
tion reaction gas and the inert gas;

inserting the porous glass base material (1) into
the heated vessel to dehydrate and sinter the
porous glass base material (1) wherein a total
amount of time over which the synthetic quartz
glass tube (9) of the vessel is subjected to a
temperature exceeding 1,400 degrees Celsius
is set to be within a time period over which at
least a part of the synthetic quartz tube (9) of
the vessel is entirely crystallized in the thickness
direction orwithin a time period obtained by mul-
tiplying a thickness (mm) of the synthetic quartz
glass tube (9) of the vessel by 1,500 (hours/mm).

The method according to claim 1, wherein a part of
the composite tube (8) is jacketed, and the jacketed
part is larger than an area heated by the heating.

The method according to claim 1 further comprising,
after providing a new vessel, preheating the vessel
at a high temperature between 1,400 and 1,600 de-
grees Celsius while a part of the vessel is exposed
to the air.

Patentanspriiche

Verfahren zum Herstellen eines Basismaterials flr
optische Fasern, welches aufweist:

Bilden eines pordsen Glasbasismaterials (1)
durch Abscheiden von Glasteilchen;

Vorbereiten eines Gefales, das ein zusammen-
gesetztes Rohr (8) verwendet, wobei das zu-
sammengesetzte Rohr (8) ein Rohr (9) aus syn-
thetischem Quarzglas, das durch Schmelzen ei-
ner RufRablagerung gebildet ist, die durch Ab-
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scheiden von Glasteilchen gebildet wurde, die
durch Hydrolysieren von einem von SiCly,
(CH53)SiCls, (CH3),SiCl, oder

einer gemischten Verbindung hiervon mit einer
Wasserstoff-Sauerstoff-Flamme erzeugt wur-
den, und ein Rohr (10) aus natirlichem Quarz-
glas, das durch Schmelzen von natirlichem
Quarz miteinem elektrischen Ofen gebildet wur-
de, enthalt, wobei das Rohr (10) aus natirlichem
Quarzglas das Rohr (9) aus synthetischem
Quarzglas ummantelt;

Einfihren von Dehydratisierungsreaktionsgas
und inertem Gas in das Gefal;

Erwarmen des Gefales, das das Dehydratisie-
rungsreaktionsgas und das inerte Gas enthalt;
Einsetzen des pordsen Glasbasismaterials (1)
in das erwarmte Gefal3, um das pordse Glasba-
sismaterial (1) zu dehydratisieren und zu sin-
tern, wobei eine Gesamtzeit, wahrend der das
Rohr (9) aus synthetischem Quarzglas des Ge-
fales einer Temperatur, die 1400 Grad Celsius
Uberschreitet, ausgesetzt ist, innerhalb einer
Zeitperiode ist, wahrend der zumindest ein Teil
des Rohrs (9) aus synthetischem Quarzglas des
Gefales in der Dickenrichtung vollstandig kris-
tallisiert ist, oder innerhalb einer Zeitperiode ist,
die durch Multiplizieren einer Dicke (mm) des
Rohrs (9) aus synthetischem Quarzglas des Ge-
falRes mit 1500 (Stunden/mm) erhalten wird.

Verfahren nach Anspruch 1, bei dem ein Teil des
zusammengesetzten Rohrs (8) ummantelt ist und
der ummantelte Teil groRRer als eine durch das Er-
warmen beheizte Flache ist.

Verfahren nach Anspruch 1, weiterhin aufweisend,
nach dem Bereitstellen eines neuen Gefalles, das
Vorheizen des Gefalies mit einer hohen Temperatur
zwischen 1400 und 1600 Grad Celsius, wahrend ein
Teil des Gefales der Luft ausgesetzt ist.

Revendications

Procédé de fabrication d’'un matériau de préfor-
me/base de fibre optique, comprenant :

la formation d’'un matériau de base en verre po-
reux (1) en déposant des particules de verre ;

la préparation d’'une enceinte, laquelle enceinte
utilise un tube composite (8), le tube composite
(8) incluant un tube en verre de quartz de syn-
thése (9) qui est formé en fondant un dépbt de
suie qui est formé en déposant des particules
de verre qui sont produites par hydrolyse d’'un
quelconque composé pris parmi  SiCly,
(CH3)SiCl3, (CH3),SiCl, ou un composé mix-
te/mélangé de ces composés a l'aide d’'une
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flamme oxhydrique, et un tube en verre de
quartz naturel (10) qui est formé en fondant du
quartz naturel a l'aide d’un four électrique, le tu-

be en verre de quartz naturel (10) gainantle tube

en verre de quartz de synthése (9) ; 5
l'introduction d’un gaz de réaction de déshydra-
tation et dun gaz inerte a [lintérieur de
I'enceinte ;

le chauffage de I'enceinte qui contient le gaz de
réaction de déshydratation et le gaz inerte ; 10
linsertion du matériau de base en verre poreux

(1) al'intérieur de I'enceinte chauffée de manie-

re a déshydrater et a fritter le matériau de base

en verre poreux (1) ; dans lequel :

une durée temporelle totale pendant laquelle le 75
tube en verre de quartz de synthése (9) de I'en-
ceinte est soumis a une température qui excéde
1400 degrés Celsius est définie de maniere a

ce gqu’elle tombe a l'intérieur d’une période tem-
porelle pendant laquelle au moins une partie du 20
tube en verre de quartz de synthése (9) de I'en-
ceinte est complétement cristallisée dans la di-
rection d’épaisseur ou al'intérieur d’une période
temporelle qui est obtenue en multipliant une
épaisseur (mm) du tube en verre de quartz de 25
synthése (9) de l'enceinte par 1500 (heu-
res/mm).

Procédé selon la revendication 1, dans lequel une
partie du tube composite (8) est gainée, et la partie 30
gainée est plus grande qu’une zone qui est chauffée

au moyen du chauffage.

Procédé selon la revendication 1, comprenant en
outre, aprés la fourniture d’'une nouvelle enceinte, le 35
préchauffage de I'enceinte a une température éle-

vée entre 1400 et 1600 degrés Celsius tandis qu’une
partie de I'enceinte est exposée a l’air.
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